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SPECIFICATION 

PROCESS AND EQUIPMENT FOR PLASMID PURIFICATION 

Related Applications 

[0001] This application claims priority to co-pending U.S. 
Patent Application Serial No. 08/887,673, filed July 3, 1997, 
which in turn, claims priority to U.S. Provisional Patent 
Application 60/022,157, filed July 19, 1996. Both applications 
are hereby incorporated by reference as if fully set forth 
herein. 

Field of Invention 
[0002] The present invention relates to the field of plasmid 
purification and is particularly useful in the field of gene 
therapy. 

Background of the Invention 
[0003] The following description of the background of the 
invention is provided to aid in understanding the claimed 
invention, but it is not admitted to constitute or describe 
prior art to the claimed invention and should in no way be 
construed as limiting the claimed invention. 
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[0004] The traditional alkaline lysis process for isolation 
of plasmid DNA from bacterial cells is described in Birnboim, 
H.C. and J. Doly, Nucleic Acids Res. 7:1513, 1979 and is also 
described in J. F. Burke, Nucleic Acids Res. 8:2989, 1981. It 
makes use of several laboratory- scale apparatuses and manual 
operations which are not suitable for large-scale manufacturing. 
In addition, the traditional alkaline lysis process is not 
suitable for making pharmaceutical grade material for human use, 
since inconsistent process performance may result in an 
unacceptable level of sheared host chromosomal DNA in the final 
plasmid product. The difficulty of theoretical study of some of 
the critical parameters for manual operations, like shear force, 
also make the traditional process unlikely to become a large 
scale manufacturing process. 

[0005] Such traditional processes consist of three stages. 
The first stage is cell resuspension, which normally utilizes 
manual stirring or a magnetic stirrer, and a homogenizer or 
impeller mixer to resuspend cells in the resuspension buffer. 
Manual stirring and magnetic stirring are only appropriate for 
laboratory scale preparations. 

[0006] The second stage is cell lysis. It is desirable to 
minimize shear of host chromosomal DNA at this stage, because it 
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is difficult to remove sheared chromosomal DNA in the downstream 
purification process (due to the similarity in properties 
between sheared chromosomal DNA and plasmid DNA) . The lysis is 
normally carried out by manual swirling or magnetic stirring in 
order to mix the resuspended cells with lysis solution 
(consisting of diluted alkali (base) and detergents) ; then 
holding the mixture at room temperature (2 0-25 degrees Celsius) 
or on ice for a period of time, such as 5 minutes, to complete 
lysis. As noted above, manual swirling and magnetic stirring 
are not scalable. In addition, it is difficult to optimize the 
process and obtain consistent process performance due to the 
number of operation parameters, including operator to operator 
variability. 

[0007] The third stage is neutralization and precipitation of 
host contaminants. Lysate from the second stage is normally 
mixed with a cold neutralization solution by gentle swirling or 
magnetic stirring to acidify the lysate before setting in ice 
for 10-30 minutes to facilitate the denaturation and 
precipitation of high molecular weight chromosomal DNA, host 
proteins, and other host molecules. Again, both manual swirling 
and magnetic, stirring are not scalable. An ice bath is not 
convenient if a long holding time is desired in a large scale 
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process, because a large quantity of water must be removed and a 
large quantity of ice/or ice-NaCl mixture needs to be added 
periodically to maintain a steady temperature. 

[0008] Once the plasmid DNA is extracted from the lysed cells 
its purification has become a routine and important procedure 
for the molecular biologist. However, the scale for these 
purifications, often referred to as "mini -preps" , is usually 
less than about 1 milligram of plasmid DNA. These small scale 
preps isolate plasmid DNA from the supernatant of lysed 
bacterial cells using a variety of techniques, such as ethanol 
precipitation. For slightly larger scale preparations, the 
primary techniques employed use cesium chloride centrif ugation, 
binding and eluting to silica resins (in the presence of 
chaotropic salts) or binding and eluting with various anionic 
chromatography resins. In addition, other techniques are 
sometimes used in combination with the resins mentioned, e.g., 
PEG and/or alcohol precipitation, RNase treatment, and 
phenol /chloroform extraction. There are also some plasmid 
purifications performed using analytical HPLC, in particular 
reverse phase HPLC to separate different plasmid forms using 
organic solvent systems . 
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[0009] Reverse phase chromatography ("RPC") is generally 
practiced by binding compounds of interest to a chromatography 
support in an aqueous solution and eluting with increasing 
amounts of an organic solvent, such as acetonitrile or alcohol. 
This approach has been used by a number of investigators to 
separate DNA, especially oligonucleotides and small (less than 
1,000 base pair) restriction fragments. It has also been used 
to separate open circular and supercoiled plasmids. However, 
RPC solvents present volatility, fire, health and waste disposal 
risks. In addition, RPC of nucleic acids frequently requires 
the use of an ion-pairing agent (e.g., triethylammonium acetate 
or TEAA) which can be difficult to remove from the DNA and can 
be toxic to cultured cells. 

[0010] The "mini -prep" procedures described above were 
designed for purifying small amounts of plasmid DNA and in 
general they have not been suitable for large-scale, high 
throughput purification processes. Large scale purification of 
plasmid DNA may magnify the contaminants in the final 
purifications in the final preparations, which usually go 
undetected in mini-preps. Anion- exchange chromatography as a 
single chromatography step is unlikely to remove enough of the 
contaminants which would be necessary for a therapeutic product. 
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Thus, additional processes should probably be included to 
increase the purity of the plasmid DNA. In addition, it would 
be useful to have a scalable process which could also resolve 
various plasmid forms . 

[0011] Two contaminants which may be particularly troublesome 
are RNA and chromosomal DNA. Many mini -prep procedures attempt 
to remove RNA using one or several RNase enzymes which degrade 
the RNA to ribonucleotides and small oligoribonucleotides . 
These can then be separated from the plasmid DNA using any of a 
variety of techniques, including alcohol precipitation, size 
exclusion chromatography, anion exchange chromatography, etc. 
However, the use of RNase is undesirable in large scale (equal 
to or greater than 50-100 mg of plasmid) purification. RNase is 
an expensive material that is generally not reused. Large scale 
RNase reactions can be difficult to perform in batch mode with 
appropriate control of time, temperature and other reaction 
conditions. Also, RNase is typically isolated from bovine 
pancreas. As such, it is a possible source of mammalian 
pathogens, especially retrovirus and bovine spongiform 
encephalopathy (BSE) . Use of such materials in making plasmids 
for human use presents significant safety and regulatory issues. 
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[0012] Another approach to removal of RNA involves 
differential precipitations whereby plasmid DNA is precipitated 
while RNA remains in solution or vice versa. An example is 
described in WO 95/21250 in which polyethylene glycol (PEG) is 
used to precipitate RNA from a solution containing both RNA and 
plasmid. Similar techniques have been described. A 
disadvantage of these techniques as typically practiced is that 
the plasmid is first partially purified from the lysate by 
removing solid debris, precipitated proteins and other solids, 
and optionally by alcohol precipitation of the nucleic acids 
(including RNA and plasmid) . Differential precipitation is then 
applied to the partially purified mixture of RNA and plasmid. 
This approach to differential precipitation has required 
multiple steps, increasing the time effort and complexity of the 
process, and introducing more opportunities for loss of plasmid. 
[0013] Removing chromosomal DNA derived from the bacterial 
host is also a challenging task in plasniid purification. In a 
typical "mini-prep", chromosomal DNA is removed primarily during 
the lysis and neutralization steps. Large fragments of 
chromosomal DNA are bound to proteins and membrane fragments, 
and are carried into the precipitate during the neutralization 
step. However, it is well known that if the chromosomal DNA is 
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sheared to smaller size (< about 10 kb) it is not efficiently 
precipitated and contaminates the plasmid DNA. Thus, it has 
been assumed that during mini preps, one must avoid vigorous 
mixing and shearing of the lysate. This is difficult to achieve 
at larger scales due to the known difficulties of mixing large 
volumes of liquid. Thus, it is desirable to have a way to 
separate plasmid DNA from chromosomal DNA subsequent to lysis 
and neutralization. 

[0014] One approach to this is CsCl/ethidium bromide density 
gradients. These are very effective for small amounts of 

plasmid (< 1 mg) that are not intended for human use. They are 
not generally suitable for scaling up to over 100 mg lots due to 
the high cost of necessary equipment. They are also not 
generally suitable for producing plasmid for human use because 
ethidium bromide binds tightly to DNA, is difficult to remove 
quantitatively, and is a known mutagen and suspected carcinogen. 
[0015] Thus, there are several clear needs for large scale 
plasmid purification. These include a method to mix large 
volumes of lysate with low shear, a method to precipitate RNA 
directly from a lysate without prior additional purification, 
and a method to separate sheared chromosomal DNA from plasmid 
DNA. 
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[0016] Other methods for purification of larger amounts of 
plasmid DNA are not ideal and leave significant room for 
improvement. For example, the method described in WO 95/21250, 
published August 10, 1995 involves multiple precipitations, 
plasmid precipitations, low capacity size exclusions, and 
requires flammable alcohols. Similarly, the method described in 
WO 96/02658, published February 1, 1996, requires lysozyme, may 
require RNase, and requires flammable alcohols. 

Summary of the Invention 
[0017] The present invention relates to a scalable alkaline 
lysis process, including procedures and devices for the 
isolation of large quantities (grams and kilograms) of plasmid 
DNA from recombinant E. coli cells. The present invention 
provides effective, controllable, and economical operation, and 
consistent low level of host chromosomal DNA in the final 
plasmid product. These attributes, and the details which 
follow, clearly provide advantages over the traditional alkaline 
lysis process and the methods proposed by others for commercial 
scale procedures . 

[0018] The present invention exploits a set of devices and 
procedures capable of providing fast and efficient cell 
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resuspension in a semi -continuous mode. All device's design and 
operation parameters can be well characterized and optimized 
through empirical tests in both scale-down and scale-up 
processes. Both mixing quality and shear force can be well 
controlled to maximize mixing efficiency and to minimize 
possible damage to cells. 

[0019] The present invention also provides a set of devices 
and procedures capable of providing efficient and gentle mixing 
and cell lysis in a continuous flow mode. The device's design 

(e.g. device dimension) and operation parameters (e.g. flow rate 
and residence time) were well characterized through empirical 
tests and theoretical calculations and modeling to maximize 
lysis efficiency and minimize shearing of chromosomal DNA. 
Surprisingly, by performing alkaline lysis using a high 
concentration of unbuffered salt, not only is denatured 
chromosomal DNA, protein, and cellular debris trapped in a 
precipitable salt/detergent complex, but a significant portion 
of RNA is also precipitated, thereby eliminating the need for an 
RNase treatment step and providing a significant advantage. 

[0020] In addition, the present invention provides a set of 
devices and procedures capable of providing fast chilling and 
efficient and gentle mixing to denature and precipitate 
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chromosomal DNA, protein, and RNA. The devices' selection and 
design and operation parameters were well characterized through 
scale-up-empirical testing . 

[0021] The invention relies, in part on the use of anion 
exchange chromatography, preferably with a Fractogel EMD 650S 
TMAE(S) resin with a 20-40 micron size. Other tentacle resins 
or means for making binding sites more available to larger 
molecules like plasmids can also be used. The tentacles are 
preferably 15 to 50 units in length and have an average of 18 
charged groups covalently bound to each tentacle. 

[0022] The use of such resins: (1) provides a high plasmid 
DNA binding capacity (about 3 mg/mL, preferably about 1.5 
mg/mL) ; (2) allows for efficient removal of proteins, RNA, low 
molecular weight molecules and probably some chromosomal DNA and 
some open circle plasmid DNA; and (3) provides a means for 
enriching the supercoiled plasmid DNA above about 80% using a 
step gradient. Supercoiled plasmid binds tighter to the 
Fractogel resin (high affinity sites) allowing the remaining RNA 
and some open circle plasmid to be removed. 

[0023] The invention also relies in part on the use of 
hydrophobic interaction chromatography, which is used to 
separate plasmid DNA from E. coli chromosomal DNA and RNA and 
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may also be used to separate open circular plasmid DNA from 
supercoiled DNA. Overall, HIC is a powerful technique for 
plasmid DNA purification. This disclosure reveals the 
surprising and unexpected value that hydrophobic interaction 
chromatography (HIC) has, especially when used in conjunction 
with anion- exchange chromatography, for large-scale plasmid DNA. 
purification. Particularly surprising is the ability of HIC to 
resolve the supercoil form of a plasmid from the relaxed open 
circle form. Supercoiled DNA may be easier to formulate and 
with certain formulations supercoiled plasmid may have higher 
expression levels in vivo (e.g., about 10 times greater 
expression in certain systems) . Another surprising and 
important fact is that removal of chromosomal DNA, denatured 
plasmids, RNA, and endotoxin from the plasmid DNA forms can also 
be achieved. 

[0024] Thus, in one aspect the invention provides a process 
for isolating a large quantity (e.g. gram or kg amounts) of 
plasmid DNA. The method involves the steps of: (a)lysing cells 
containing the plasmid DNA with a lysis agent, thereby forming a 
lysate; (b) treating the lysate with a high salt agent that 
preferably is capable of forming a precipitable complex with 
non-plasmid DNA cellular components contained in the lysate, 
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thereby forming a treated solution; and (c) purifying the 
treated solution to provide isolated plasmid DNA. 
[0025] The phrase "plasmid DNA" is meant to include all forms 
of plasmid DNA, such as supercoiled plasmid DNA (type I) , nicked 
circle plasmid DNA (type (II) , and linearized plasmid DNA (type 
III) , as well as denatured plasmid DNA. The plasmids may 
include any of a wide variety of vectors, origins of 
replication, and genetic elements (such as selectable genes, 
polylinkers, promoters, enhancers, therapeutic genes, leader 
peptide sequences, introns, polyadenylations signals, etc.) 
known to those skilled in the art. Genes encoding diverse 
proteins (including therapeutic proteins such as IL-2, IL-12 and 
the like) may be inserted into the plasmid, and the genes may 
constitute, for example, genomic DNA, cDNA, synthetic DNA, and 
polynucleotide and oligonucleotide sequences. 
[0026] By "lysis agent" is meant any agent capable of 
breaking open a cell containing plasmid DNA and thereby 
releasing the contents of the cell. The lysis agent preferably 
is alkali or basic, i.e., it has a pH above 7.0, preferably 
about 12 to 13 . Many suitable agents are known to those in the 
art, for example, a solution containing 0.2N sodium hydroxide in 
1% SDS . Other concentrations of sodium hydroxide in SDS may 
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also be used. Other detergents (tween, np40 / sarkosyl, etc.) 
such as non-ionic detergents (e.g., triton X) and lysozyme plus 
heat treatment may all also be used. 

[0027] By "high salt agent" is meant a substance that is 
capable of precipitating out a significant portion (preferably 
at least 25%, more preferably at least 50%, most preferably at 
least 75% or 90%) of any RNA molecules released from the cells. 
The high salt agent preferably has one or more salts at a pH 
above approximately 5.5, for example a mixture of 1M potassium 
acetate and 7M ammonium acetate at a pH between 7.0 and 9.0. It 
may be possible to replace the potassium acetate with a 
potassium agent or ion and/or KCl, NaCl, or NH 4 OAc . The lysate 
is preferably treated with the high salt agent for at least six 
hours at approximately four degrees Celsius. 

[0028] In preferred embodiments, the process does not involve 
the use of RNase, the process yields isolated plasmid DNA that 
is pharmaceutical -grade plasmid DNA suitable for administration 
to humans, and at least 100 milligrams of the isolated plasmid 
DNA is obtained, more preferably at least lg, most preferably at 
least lOg, lOOg or l,000g (1kg). In other preferred 
embodiments, the invention provides a process for isolating 
plasmid DNA involving the steps of: (a) resuspending cells in 
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approximately 50 mM of Tris-HCl buffer at a pH of about 8.0 and 
approximately 10 mM EDTA (Na) 2 ; (b) lysing cells containing the 
plasmid DNA with a lysis agent comprising an approximately equal 
volume of 0.2N sodium hydroxide in 1% SDS, thereby forming a 
lysate; (c) treating the lysate with a high salt agent that 
comprises a mixture of 1M potassium acetate and 7M ammonium 
acetate at a pH between 7.0 and 9.0, preferably capable of 
forming a precipitable complex with non-plasmid DNA cellular 
components contained in the lysate, thereby forming a treated 
solution; and (d) purifying the treated solution to provide 
isolated plasmid DNA. Step (d) may involve subsequently 
isolating from the supernatant of the cellular lysate a sample 
of highly purified supercoiled plasmid DNA. 

[0029] In view of the above, it can be seen that, among other 
things, the invention provides an improved process for isolating 
plasmid DNA from alkaline lysates of a cell containing the 
plasmid DNA by treating the lysate with a high salt agent, 
preferably capable of forming a precipitable complex with non- 
plasmid DNA cellular components contained in the lysate. 

[0030] In another aspect, the invention provides a process 
for isolating plasmid DNA involving the steps of: (a) lysing 
cells containing the plasmid DNA with a lysis agent, thereby 
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forming a lysate; and (b) purifying the lysate with anion 
exchange chromatography using a step gradient, thereby producing 
isolated plasmid DNA enriched with at least 80% supercoiled 
plasmid DNA. 

[0031] In preferred embodiments the anion exchange 
chromatography is performed with a resin having a particle size 
of 20-40 microns, the anion exchange chromatography has a 
plasmid DNA binding capacity of about 1.5 mg of plasmid per mL 
of resin, more preferably a plasmid DNA binding capacity of 
about 3 (or more) mg of plasmid per mL of resin, and the anion 
exchange chromatography is performed with a Fractogel EMD TMAE 
(650-S) resin. Thus, the invention provides an improved process 
for isolating plasmid DNA from lysate of cells containing the 
plasmid DNA by purifying the lysate with anion exchange 
chromatography using a step gradient, thereby producing isolated 
plasmid DNA enriched with at least 80% supercoiled plasmid DNA. 
[0032] In another aspect, the invention features a process 
for isolating plasmid DNA involving the steps of: (a) lysing 
cells containing the plasmid DNA with a lysis agent, thereby 
forming a lysate; and (b) using hydrophobic interaction 
chromatography (HIC) to purify the lysate, thereby providing 
isolated plasmid DNA. Typically the lysate is not applied 
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directly to the HIC column directly, but is first sent through 
an anion exchange chromatography resin, such as the Fractogel 
TMAE resin discussed herein. 

[0033] In preferred embodiments the hydrophobic interaction 
chromatography is performed with at least 1 . 6M ammonium sulfate 

(at 2 . 0M ammonium sulfate the supercoiled plasmid binds to the 
HIC column) , Tris, and EDTA, and the hydrophobic interaction 
chromatography is performed with an Octyl Sepharose 4 FF resin. 
This is a flow through column that allows supercoiled plasmid to 
flow through the column while RNA, and chromosomal DNA endotoxin 
and denatured DNA binds to the resin. The column is moderately 
hydrophobic due to octyl alkyl chains as its ligand on agarose 
beads. Other resins having similar properties such as phenyl 
sepharose, butyl sepharose, and others, may also be used. 

[0034] In other preferred embodiments the plasmid DNA is not 
precipitated and the process involves no linear gradients and 
uses no organic solvents, the isolated plasmid DNA is 
substantially free of endotoxins (for example, 10 to 100 
Endotoxin Units per mg of plasmid DNA as measured with a Limulus 
Amebocyte Lysate Assay) and host cell chromosomal DNA (for 
example, about 1% to 3% as measured by LCR) , the plasmid DNA is 
not exposed to acidic pH or elevated temperatures (e.g., about 
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pH 8 and 22°C) , the isolated plasmid DNA is produced in a yield 
of at least 60% (preferably 70%, more preferably 80%, most 
preferably 90%) , the hydrophobic interaction chromatography is 
performed in an aqueous solution containing a high concentration 
of salt, such as 1 . 6M ammonium sulfate, and the cells are 
recombinant E. coli cells. Thus, the invention features an 
improved process for isolating plasmid DNA from a lysate of a 
cell containing the plasmid DNA by using hydrophobic interaction 
chromatography to purify the lysate, thereby providing isolated 
plasmid DNA. Preferably the lysate is first partially purified 
with anion exchange chromatography, for example with a TMAE 
resin, and then the anion exchange chromatography pool, (for 
example, a TMAE pool) is further purified with HIC. 
[0035] In yet another aspect, the invention provides a device 
for isolating plasmid DNA from cells containing the plasmid DNA, 
comprising: (a) a means for providing cell resuspension in a 
semi -continuous mode; (b) a means for providing mixing and cell 
lysis in a continuous flow mode; and (c) a means for providing 
chilling and mixing to denature and precipitate chromosomal DNA, 
protein, and RNA. 

[0036] In preferred embodiments, the means for providing 
efficient and gentle mixing and cell lysis in a continuous flow 
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mode comprises an impeller mixer, an in-line static mixer, 
and/or a lysis coil. The device preferably has a means for 
performing hydrophobic interaction chromatography and the means 
for providing fast chilling and efficient and gentle mixing to 
denature and precipitate chromosomal DNA, protein, and RNA 
preferably comprises a chilled jacketed tank. 

[0037] Other and further objects, features, and advantages 
will be apparent from the following description of the drawings 
and the presently preferred embodiments of the invention, as 
well as the examples provided herein. 

Brief Description of the Drawings 
[0038] Figure 1 is a schematic process diagram including 
resuspension and lysis (in line mixer) , and neutralization 
(impeller mixer) . s 

[0039] Figure 2 is a flow chart for Process I. 
[0040] Figure 3 is a flow chart for Process II. 

Description of the Preferred Embodiments 
[0041] The invention identified here is a novel, scalable, 
and alternative alkaline lysis process for large scale plasmid 
DNA isolation. The present invention involves a series of new 
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unit operations and devices for cell resuspension, cell lysis, , 
and neutralization. The invention can provide controllable and 
efficient operation and consistent performance and is 
economical. Described below are various preferred methods for 
performing the invention as well as a detailed description of 
the devices and certain aspects of the invention. 
[0042] The most preferred embodiments are described 
immediately below, followed by a discussion of several of the 
steps and devices that may be useful in practicing the 
invention. 

[0043] One of the preferred embodiments involves the use of a 
continuous flow device with in-line mixing for resuspending 
bacterial cells, lysing with alkali and detergent, and 
neutralizing the lysate. This has several advantages (relative 
to batch operation in multiple bottles or large tanks) , 
including: (1) better cell resuspension and mixing of solutions; 

(2) better control of lysis times; and (3) lower shear, proving 
less chromosomal DNA contamination (very significant) . 

[0044] A second preferred embodiment involves the use of a 
modified, non-acidic neutralization solution that can be added 
to an alkaline/detergent lysate to precipitate RNA as well as 
chromosomal DNA, protein, lipids, etc. from the lysate. Some of 
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the advantages (relative to 3M potassium acetate, pH-5) are: (1) 
removes majority of RNA (especially high molecular weight) prior 
to column chromatography (very significant) ; (2) eliminates 
exposure of plasmid DNA to damaging acid; (3) eliminates need to 
partially purify plasmid prior to RNA precipitation. 
[0045] A third preferred embodiment involves the use of 
Fractogel EMD TMAE tentacle ion exchange resin to separate 
supercoiled plasmid from open circular plasmid and from protein 
,and low molecular weight RNA. Here, the advantages (relative to 
Sepharose Q or other low pressure ion exchange resins) include: 
(1) higher capacity (1.5 mg plasmid/mL resin); (2) high flow 
rate; (3) able to separate supercoiled and open or nicked 
circular plasmid using a simple, convenient, scalable salt step 
gradient (very significant) . 

[0046] A fourth preferred embodiment involves the use of 
hydrophobic interaction chromatography (HIC) to separate plasmid 
DNA from chromosomal DNA, RNA, protein, endotoxin, and denatured 
plasmid DNA. The advantages of this embodiment include: (1) 
removes E. coli DNA (very significant) ; (2) removes residual 
RNA, endotoxin, and denatured plasmid DNA; (3) optionally 
separates supercoiled from nicked or open circular plasmid. 
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[0047] The fifth preferred embodiment is an integrated 
processes employing some or all of the above (Process I, Process 
II, and potential variants) . 

Alkaline Lysis 

[0048] Conventional alkaline lysis techniques involve the use 
of . 3M potassium acetate at a pH of about 5.5. A significant 
improvement presented herein is the use of high concentrations 
of unbuffered salt. (A number of monovalent salts are suitable 
and some divalent salts will also have acceptable solubility 
properties.) For example, by adding a volume of an unbuffered 
solution of 1M potassium acetate and 7M ammonium acetate and 
letting the mixture stand for at least 2 (preferably at least 6) 
hours at 4 degrees Celsius a surprising and unexpected result is 
achieved. Namely, not only is denatured chromosomal DNA, 
protein, and cellular debris trapped in a precipitable 
salt/detergent complex, but a significant portion of RNA is also 
precipitated, allowing for the elimination of an RNase treatment 
step. The potassium acetate preferably is present in an excess 
in order to aid in the precipitation the SDS DNA complex. 
Furthermore, the RNA that remains in solution is typically low 
molecular weight and can be separated from plasmid DNA by 
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subsequent chromotographic steps (e.g., anion exchange, HIC, 
size exclusion, etc.). At lower dilutions to the TMAE load (1.5 
vs. 3 or 4 volumes) , the majority of RNA that remains flows 
through the TMAE column. 

Anion Exchange Chromatography 

[0049] The present invention makes use of anion exchange 
chromatography, preferably with a resin such as Fractogel EMD 
TMAE(s) 650-S having a 20-40 micron particle size. This 
advantageously provides a high DNA binding capacity of about 
3mg/mL, preferably about 1.5 mg/mL and allows for the efficient 
removal of proteins, RNA, low molecular weight molecules, and 
probably some chromosomal DNA. Surprisingly, this invention 
allows for the enrichment of supercoiled form of plasmid DNA by 
over 80% using a step gradient. Enrichment of supercoiled 
plasmid is achieved by removal of more open circular plasmid 
than is achieved in the preferred embodiment of Process I 
outlined in Figure 2. The percentage of enrichment may be 
measured with a 1% reliant gel (FMC) , 0.8% agarose gel 
electrophoresis, and may also be measured using an ion exchange 
HPLC assay using, for example, a DEAE column. 
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Hydrophobic Interaction Chromatography 

,[0050] Hydrophobic interaction chromatography ("HIC" ) is 
generally practiced by binding compounds of interest in an 
aqueous solution containing high concentrations of salt (e.g. 
ammonium sulfate) . Elution is accomplished by lowering the salt 
concentration. No volatile or flammable organic solvents are 
used, and no organic modifiers like TEAA are generally required. 
[0051] There are a variety of HIC resins which are 
commercially available, differing in both backbone and 
functional chemistries. In general, they can be made to work 
for plasmid DNA purification, however there are some which are 
preferred. The HIC step is a flow through step, i.e., the 
supercoiled and open circular plasmid flow through the column 
while RNA, chromosomal DNA, denatured plasmid DNA and endotoxins 
are retained on the column. 

[0052] The HIC resins are initially equilibrated in high 
ionic strength multivalent salts such as ammonium sulfate. 
These conditions enhance hydrophobic interaction and thus 
retention of various biomolecules . By reducing the salt 
concentration the hydrophobic interaction is lessened and the 
biomolecules begin to elute from the resin depending on their 
hydrophobicity . In the case of plasmid DNA, it has been 
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observed that the relaxed open circle form has very little 
interaction with HIC resins in the presence of high salt. While 
under these conditions the supercoiled form does interact and is 
retained by the resin leading to a resolution of the forms. As 
the salt concentration is lowered, the supercoiled form is 
eluted, while the RNA, chromosomal DNA and denatured plasmid DNA 
remain bound. Thus, the supercoiled plasmid may be purified 
from undesired plasmid forms (open circular, denatured) and from 
contaminants (chromosomal DNA, RNA, protein, endotoxin) using 
HIC. This is an unexpected result. 

[0053] The interaction of biomolecules with the HIC resins 
can also be modified as a function of the multivalent salt 
selected. It has been observed that in general sodium citrate 
and potassium phosphate salts can increase hydrophobic 
interaction of plasmid DNA greater than ammonium sulfate. Thus, 
by optimizing the selection of resin and salt conditions, one 
can affect the quality of purification for a given plasmid 
construct . 

Devices 

[0054] All devices described in this invention were built to 
large scale (process capacity is greater than 2 kg of wet cell 
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paste) to demonstrate the feasibility and effectiveness of the 
invented devices and operation procedures, and the concept of 
continuous-flow- through resuspension, lysis, and neutralization. 
A polypropylene or stainless steel conical tank with a bottom 
three-way valve was connected to two sets of platinum-cured 
silicone tubing. Those skilled in the art will recognize that 
many other types of containers arid/or connections may be 
substituted without substantially changing the function, mode of 
operation or result obtained the overall device. One set of 
tubing contained one unit of in-line static mixer and two 
units of 3/8" in-line static mixers. These in-line mixers are 
for resuspending cells and homogenizing cell concentration . 
Other sizes and numbers of mixers may also suitably be used, 
The other set of tubing is used to transfer resuspended cells to 
contact lysis solution. 

[0055] A MasterFlex peristaltic transfer pump was used for 
resuspension and homogenization. Other suitable (exp-low shear) 
pumps are available and may be substituted without materially 
altering the overall device. A 43 ft x 1" OD stainless steel 
tubing was coiled with approximately 2' diameter and a 6" pitch 
and used as the lysis coils. Those skilled in the art will 
recognize that the exact length, diameter, and pitch may be 
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varied by at least 10% and perhaps even over 50% without 
departing from functional lysis goal served by the coils. The 
bottom of the lysis coils was connected to a 1" in-line static 
mixer (multiple mixers may be used)' which is used to mix 
resuspended cells and lysis solution. A MasterFlex peristaltic 
pump with two stacked pump heads is used to transfer resuspended 
cells and lysis solution to the 1" in-line static mixer for 
mixing. As noted above, other pumps and mixers may also be 
used. 

[0056] The holding tank for precipitation is a 150 L 
stainless steel jacketed tank. Other suitable containers will 
preferably have a volume of at least 100-200 L or more. The 
tank jacket was connected to a recirculating chiller which has 
the ability to chill the coolant to -15°C. Other chilling means 
may be substituted and preferably have the ability to achieve at 
least 10 degrees Celsius, more preferably zero degrees or lower. 
Since two approaches were adopted to mix lysate and 
neutralization solution, two sets of operations and devices were 
used to accomplish the mixing of lysate and neutralization 
solution. In the first approach, the effluent of the lysis 
coils went directly into the chilled tank. An impeller mixer 
was used to mix lysed cells and neutralization solution inside 
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the tank. The second approach involves a 1" or 2" (or other 
conveniently sized) in-line static mixer. Lysed cells and 
neutralization solution were pumped into the in-line static 
mixer simultaneously (one skilled in the art will recognize that 
cells or lysis solution could be pumped first, followed by the 
other) , and the effluent of the mixer was directed into chilled 
tank for precipitation. 

[&Q57] It is possible to run the EM Merk Fractogel EMD 650 (S) 

E coKmn in a displacement mode where super coiled plasmid 
displaces op^n circular plasmid off the resin, thereby enriching 
for super coiled^lasmid. The column is equilibrated in 0.5 M 
NaCl, TE buffer, the\oad (neutralized lysis supernatant process 
2) is diluted with 1.5 volumes WPI then loaded onto the column. 
The column is loaded at 3.0 mgVml resin. The last quarter of 
the flow through of the load to the TMAE column is recirculated 
over the column to allow SC plasmid to\compete off open circular 
plasmid. The column is then washed to baseline with 0.5 M NaCl, 
TE after the recirculation has finished. The plasmid is then 
eluted with 1 . 9M (NH 4 ) 2 S0 4 . >v 
[0058] Another resin from EM that displays similar 
properties. The resin is a Fractogel (R) EMD TMAE Hicap (M) . 
This is a high capacity resin with better flow characteristics 
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than the (S) TMAE resin. This Hicap resin may allow binding 
plasmid between 3 and 5 mg/ml of resin and allow for the 
enrichment of SC plasmid at a very high level . 

EXAMPLES 

[0059] The following examples are solely for illustrative 
purposes and are not meant to limit the scope of the invention. 

Example 1: Process I 

[0060] The step-by-step methodology of Process I is 

outlined in Figure\3. 

[0061] Step 1 involves fermentation, cell harvesting, and 
washing. These are well known procedures that may be carried 
out in wide variety of ways known to those skilled in the art. 

[0062] Step 2 involves alkaline lysis and neutralization. 
This step extracts plasmid, chromosomal DNA, RNA and protein. 
As explained in detail above, use of a high concentration of 
buffered salts is preferable. 

[0063] Step 3 involves centrif ugation and filtration. These 
also are well known techniques that may be performed in a 
variety of ways known to those skilled in the art. 
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[0064] Step 4 is RNase treatment at 37 degrees Celsius for 
one hour. This step may optionally be removed (as in Process II 
described in Example 2 below) by utilizing the preferred 
alkaline lysis and high salt agents described herein. 

[0065] Step 5 involves filtration and dilution with 2 volumes 
of WFI . These are standard techniques that may easily be 
modified by those skilled in the art. 

[0066] Step 6 involves the use of a Q Sepharose HP column to 
remove protein, and some RNA and chromosomal DNA. Other Q 
resins may also work, or a Fractogel TMAE resin may be used as 
in Process II below. 

[0067] Step 7, involves the use of DEAE 650-S to remove RNA. 

[0068] Step 8 uses Phenyl 650-S to remove chromosomal DNA, 
endotoxin, denatured plasmid, and some RNA. Other phenyl resins 
and 8 carbon octyl resins may also be used. 

[0069] Steps 9 and 10 are ultraf iltration/diaf iltration and 
sterile filtration to yield the final product. These are common 
procedures that may be insubstantially modified by those skilled 
in the art without departing from the scope of the invention. 
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Example 2; Process II 

[007lJT^. The steps of Process II are outlined in Figure 4. 
tep (a) is fomentation of plasmid containing E. coli, cell 
harvesting, e.g. by^s^ntrif ugation and washing and resuspending 
cells as in step 1 of Process I. 

[0071] Step (b) is alkaline lysis (e.g., 1% SDS and 0 . 2N 
NaOH) and high salt precipitation to extract plasmid and remove 
chromosomal DNA and some RNA and protein. The high salt 
precipitation may involve adding 1 M potassium acetate and 7 M 
ammonium acetate (concentrations of both may be varied, with 
higher concentrations of ammonium acetate being better for RNA 
precipitation) and holding the temperature at 4 degrees Celsius 
for approximately 6 to 12 hours to precipitate RNA (times and 
temperatures may be varied; lower temperatures and longer times 
improve precipitation and incubation at 4 degrees Celsius 
provides a higher percentage of precipitation) . The ability to 
precipitate RNA during neutralization of the alkaline lysate 
helps eliminate the need for RNase. The acetate ^solution does 
not need to be pH adjusted and the pH is approximately 8. 
Conventional techniques using 3M potassium acetate at pH 5 are 
dramatically less effective at RNA precipitation and provide 
greater risk of DNA damage. 



LA-179186.1 



31 



Express Mail Label No. EL607740731US 

Patent 
260/243 

[0072] Step (c) is centrif ugation/f iltration and 1.5 volume 
dilution with water for irrigation (WFI) . 

[0073] Step (d) involves the use of, for example, Fractogel 
EMD TMAE 650 (s) , a strong anionic change resin, to remove 
residual protein and some RNA and chromosomal DNA and enrich the 
supercoiled form of the plasmid DNA. This resin is capable of 
separating nicked/relaxed plasmid from supercoiled plasmid with 
a preparative, low pressure, step elution. Variations in 
particle size and chemistry may be acceptable. The next 
procedure is to wash the nicked and/or relaxed circular plasmid, 
as well as residual RNA, off of the resin with -0.6 M NaCl (10 
mM Tris, 1 mM EDTA, pH 8.0) . The supercoiled plasmid thus 
remains bound to resin. Other salts may also be suitable at an 
appropriate concentration (depending on the salt) . This is 
followed by eluting the covalently closed supercoiled plasmid 
off of the resin with about 1.9 M ammonium sulfate (A.S.) . 
Elution with concentrated A.S. allows eluate to flow through the 
next column. Elution with > 0 . 7 M NaCl is also suitable, but in 
that case the eluate must be adjusted to -1.6 M.A.S. prior to 
the next column. Other salts may also be suitable at an 
appropriate concentration (depending on the salt) . 
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[0074] Step (e) involves the use of Octyl Sepharose 4FF for 
removal of chromosomal DNA, RNA, endotoxin, and denatured 
plasmid. This involves passing the TMAE pool through an Octyl 
Sepharose 4 Fast Flow (Pharmacia #17-0946) resin and collecting 
the flow through fraction. Other hydrophobic interaction (HIC) 
resins may also be used (e.g. Pharmacia Phenyl Sepharose, 
Pharmacia Butyl Sepharose, similar resins from other vendors) . 
At -1.6 M. ammonium sulfate, plasmid flows through and residual 
RNA, endotoxins, and E. coli DNA bind. Alternatively, one can 
bind the TMAE pool in the presence of -2.0 M. ammonium sulfate, 
which allows relaxed and/or nicked circular plasmid to flow 
through, while the supercoiled plasmid binds; the supercoiled 
can then be eluted with < 1.6 M amonium sulfate. Variations in 
resin particle size, etc., may be acceptable and some 
alternative salts are also suitable at appropriate 
concentrations . 

[0075] Steps (f ) and (g) . are ultrafiltration/ diaf iltration 
followed by sterile filtration to yield final product. 
[0076] Some of the advantages of Process II are listed below: 
(1) Can enrich/resolve for supercoiled plasmid DNA; (2) Plasmid 
DNA is never precipitated; (3) No linear gradients necessary; 
(4) No organic solvents used; (5) In preferred embodiments in 
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Process I, 1.62 volumes of lysis solution (neutralizing) is used 
whereas in preferred embodiments of Process II, 1 volume of 
lysis solution (high salt 1 M potassium acetate and 7 M NH 4 0Ac) 
is used; (6) No RNase required; (7) Significantly reduces 
endotoxin levels; (8) DNA is not exposed to either acid pH or 
elevated temperatures; (9) Scaleable for Industrial Quantities; 
and (10) High plasmid DNA yields (60-90%) and high purity (90- 
95%) . 

Example 3 ; Unit Operations of the Invention 

[0077] The unit operations in this invention are in-line 
static mixers, flow through lysis coils, and a chilled jacketed 
tank. 

[0078] The cell paste, either from direct isolation from 
fermentation or thawed if frozen, was resuspended in TE buffer 
(50mM Tris and 10 mM EDTA) by circulating the cell -buffer 
mixture through the in-line static mixer in a pump-around mode. 
The flow rate was specifically determined to be capable of 
effectively resuspending cells without breaking them. 
[0079] The resuspended cells were mixed with the lysis 
solution (200 mM NaOH and 1% SDS) by flowing through the in-line 
static mixer, then entering the lysis coils for continuous lysis 
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at a constant rate. The optimal flow rate to deliver cell-lysis 
solution mixture through the static mixer and lysis coils was 
determined to maximize the flow rate, minimize the shear force, 
and generate homogeneous mixture and desired molecule residence 
time . 

[0080] The lysate was mixed with cold neutralization solution 
(1.85 M KOAc, 1.16 N NH 4 OAc, and 1.15 M NaCl pH 5.5 Process I 
buffer solution) to denature and precipitate high molecular 
weight host chromosomal DNA, host proteins, and host RNA. The 
mixing of neutralization solution and lysate is either 
accomplished by flowing through the in-line static mixer in a 
continuous mode, or by agitating the low speed impeller mixer in 
a batch mode. 

[0081] After mixing, the acidified lysate will be retained in 
the chilled jacketed tank for 20-30 minutes to complete the 
precipitation and denaturation. 

Example 4; Scale-Up Test 

[0082] The scale-up test was started from transferring thawed 
cells and TE buffer into the conical tank. The cell-TE mixture 
was then pumped through the in-line static mixer to the 
optimized flow rate. After completing cell resuspension, cells 
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and lysis solution were pumped through another in-line static 
mixer simultaneously for mixing. At the same time of mixing 
cells and lysis solution, cells remained in the conical tank 
were still circulated through the resuspension-in-line static 
mixer to ensure the homogeneity of cell pool to maximize the 
effectiveness of alkaline lysis. Lysate continuously flowed 
through the lysis coils at a fixed residence time. 
[0083] The effluent from the lysis coils was directed to a 
chilled jacketed tank containing a high salt neutralizing 
solution and equipped with an impeller stirrer for mixing for 
mixing. However, the preferred method would be to mix the 
highly viscous alkaline cell lysis solution with the much lower 
viscosity high salt solution using an in-line static mixer to 
minimize the shearing of the chromosomal DNA. This would allow 
for instantaneous mixing of the two solutions in a gentle manner 
to form the denatured chromosomal DNA/denatured protein/sodium 
dodecyl sulphate complex. Afterwards the neutralized 
precipitated lysate would be directed to a cold jacketed holding 
tank. 
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Example 5: Isolation of Plasmid 

[0084] 1.5 kg (wet weight) of frozen recombinant E. coli 
cells harboring a plasmid was thawed and TE buffer was added to 
make a total volume to 10.5 L. The mixture of cell paste and TE 
buffer was circulating through the in-line mixers at 3L/min for 
5-10 minutes at room temperature to obtain homogeneous cell 
concentration. The resuspended cells and room temperature lysis 
solution were pumped to the 1" in-line static mixer 
simultaneously at an overall flow rate of 1.0 L/min. The 
mixture of cells and lysis solution continuously flowed through 
the lysis coils at 1.0 L/min. 

[0085] The lysate exiting from the lysis coils directly into 
the jacketed tank which contained 17 L cold neutralization 
buffer. The lysate and cold neutralization solution were gently 
mixed by an impeller mixer to avoid shearing the host 
chromosomal DNA. The acidified lysate was kept in the chilled- 
jacketed tank for about 3 0 minutes to completely precipitate the 
host chromosomal DNA, host proteins, and host RNA. 
[0086] After completing the precipitation, plasmid was 
isolated and purified. The host chromosomal DNA level in the 
final product was assayed at 0.4%. 
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Example 6; Reproducibility of The Alkaline Lysis Process 
[0087] 1.5 kg (wet weight) of frozen recombinant E. coli 
cells harboring a plasmid was used to examine the 
reproducibility of the invented process. All buffers, devices, 
and procedures were adopted to mimic Example 5. The isolation 
and purification procedures were also the same as that used in 
Example 5. The host chromosomal DNA level in the final product 
was assayed at 0.12%. 



Example 7 : Variability of Final Product Quality 





Without Use of 
Device 


With Use of 
Device 


Number of Lots Used for 
Comparison 


37 


7 


Average Chromosomal DNA, % 


2.83 


0.63 


Standard Deviation 


2.68 


0.64 



[0088] The above showed that the use of the device is 
superior in regard to both final product quality (chromosomal 
DNA level) and process performance consistency. 
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Example 8: Purification of Plasmid DNA Containing the oc t- 
ant ityrps in Gene 

[CKHJ9] Previous purification of an oti-antitrypsin plasmid prep 
ad be^n done by the process 1 protocol (Fig. 1) in which the 
H.I.C. ste£\had not yet been incorporated. Thus the 
purification process ended after the DEAE column step and the 
resulting plasmid pbcxL was concentrated by standard ethanol 
precipitation. The fina^k product of oti-antitrypsin plasmid 
prepared by the above methocNstill contained unacceptable high 
levels of chromosomal DNA (bacterial) , RNA, denatured plasmid, 
and endotoxins. \ 
[0090] Therefore a phenyl hydrophobic interaction 
chromatography (HIC from TosoHaas) step was added to the process 
1 protocol following the DEAE chromatography column in order to 
reduce the contaminants to a much lower level and thereby 
increasing the purity of the plasmid DNA to a level > 95%. 
[OfrS-i^^^ Approximately 315 grams of D-5a E. coli cells (wet 
weight) containing^feiie ^-antitrypsin plasmid was exposed to 
alkaline lysis for 5 minutes^ajod the denatured chromosomal 
DNA/protein/sodium dodecylsulf ate comp>i^ces were precipitated by 
addition of a salt solution containing 1.85M pot^^Lum acetate, 
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1 . 15M s^diucQ^chloride, 1.16M ammonium acetate at pH 5.5. After 
centrifugation, f i 1 1 ratiSnT^nd RNAs e treatment the resulting 
supernatant (8L) contained ~ 35 jig plasmid"T)NA^^ 
[0092] Following anion exchange chromatography of the lysate 
on both Q Sepharose 4FF (Pharmacia) and DEAE 650-S (TosoHaas) 
which removes protein, RNA and the bulk of chromosomal DNA, the 
plasmid pool was then pumped onto a phenyl 650-S (TosoHaas) HIC 
resin. 

[0093] The phenyl 650-S resin (lOOmL) was packed into a 5 cm 
diameter column to a height of 5cm. The column was equilibrated 
with approximately 500 mL of 1.75M (NH 4 ) 2 S0 4 at 2 0mL/minute . 
Then 350mL of the DEAE elution pooly containing the cti- 
antitrypsin plasmid was diluted with an equal volume of 3 . 5M 

(NH 4 ) 2 S0 4 which results in a final concentration of 1.75M 

(NH 4 ) 2 S0 4 . The entire 700 mL of plasmid DNA in 1.75M (NH 4 ) 2 S0 4 
was pumped through the HIC column and the flow through peak 
which contains the oti-antitrypsin plasmid was saved for further 
processing by ultrafiltration and diaf iltration (UF/DF) . The 
bound RNA, chromosomal DNA< denatured plasmid and endotoxins 
were eluted in a Milli-Q water wash followed by a 70% ethanol 

(v/v) wash. 
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[0094] A Pellicon-2 system (Millipore) containing a 50kD 
casseter (Millipore) was used to UF/DF the HIC flow through 
containing the (Xi-antitrypsin plasmid DNA in 1.75M (NH 4 ) 2 S0 4 . The 
final product (cti-antitrypsin plasmid) was concentrated 7.5-fold 
by UF, and diafiltered against 10 diavolumes of Milli-Q water. 
[0095] Analysis of the final product, a x -antitrypsin plasmid, 
indicated the preparation 95% plasmid DNA, <5%RNA, 0.05% E. coli 
DNA, <0.06% protein, <0.2Eu//mg of plasmid DNA for endotoxins, 
and complete removal of denatured plasmid DNA. This represents 
a reduction by the HIC resin in bacterial chromosomal DNA of 
between 10 and 100-fold from what typically contaminates plasmid 
preps after the DEAE anion chromatography step. In addition, 
RNA was reduced between 1 and 2 -fold, endotoxin levels were 
lowered at least 250-fold, both protein and denatured plasmid 
levels have been reduced to essentially zero. 
[0096] It should also be pointed out that most HIC resins 
will bind supercoiled DNA at > 2M (NH 4 ) 2 S0 4 while the open circle 
form will not bind under these conditions. This allows for a 
significant enrichment of the supercoiled plasmid DNA in the 
final product. Thus HIC resins in conjunction with anionic- 
exchange resins offer the ability at large-scale to remove a 
substantial amount of contaminants which copurify with the 
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plasmid DNA on ion-exchange resins. In addition, HIC resins can 
be used to selectively purify supercoiled plasmid DNA. 

Example 9; A Hydrolysis Assay 

[0097] This assay is used to quantify the amount of RNA 
present in a solution of plasmid DNA. 

Standard Curve 

[0098] (1) Use E. coli rRNA as standards from Sigma; 

ribonucleic acid, ribosomal from E. coli, Strain W; 
Cat. No. R-7628) . Make up rRNA to concentrations of 0, 10, 20, 
30, 40 and 50 jigs/ml by diluting the resuspended RNA in water. 

[0099] (2) Run 367 jal of each standard through RNA hydrolysis 
procedure (see below) . 

[00100] (3) Plot standards with concentration versus A260 and 
curve fit with a linear fit, forcing the curve through zero. 

[00101] (4) Use the slope from the curve to calculate sample 
RNA concentrations. 

Hydrolysis Procedure 

[00102] (1) Take 467 fils of sample. If necessary, dilute 
before taking 467 |uls so that RNA is less than 50 |ngs/ml . Put 
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samples in screw cap tubes so that tubes do not pop open during 
heating . 

[00103] (2) Add 33 (il 1.5 M KOH to bring volume to 0.5 mis. 
[00104] (3) Heat at 110°C for 1 hour. The heat and alkali will 
hydrolyze the RNA. 

[00105] (4) Turn off heat block after one hour, leaving the 
samples in the block, and allow samples to cool to less than 
100°C (about 10 minutes) . 

[00106] (5) Remove from heat block and add 32 jals of 10% HCl . 

[00107] (6) Add 968 jals 100% ethanol to bring volume to 1 . 5 
mis. The absolute ethanol will precipitate the DNA in the 
sample . 

[00108] (7) Place the samples at -20°C for at least 20 minutes. 
[00109] (8) Centrifuge samples at 4°C for at least 15 minutes 
at 14,000 rpm. 

[00110] (9) Blank UV spectrophotometer with WFI, water for 
injection or MilliQ water. Measure A260 and A232 of 
supernatants . 

[00111] (10) Use A260 to calculate RNA concentration with the 
standard curve and, if necessary, use A232 to adjust for 
protein. 
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[00112] One skilled in the art would readily appreciate that 
the present invention is well adapted to carry out the objects 
and obtain the ends and advantages mentioned, as well as those 
inherent therein. The methods, procedures, treatments, 
molecules, specific compounds described herein are presently 
representative of preferred embodiments are exemplary and are 
not intended as limitations on the scope of the invention. 
Changes therein and other uses will occur to those skilled in 
the art which are- encompassed within the spirit of the invention 
are defined by the scope of the claims. It will be readily 
apparent to one skilled in the art that varying substitutions 
and modifications may be made to the invention disclosed herein 
without departing from the scope and spirit of the invention. 
[00113] All patents and publications mentioned in the 
specification are indicative of the levels of those skilled in 
the art to which the invention pertains. All patents and 
publications are herein incorporated by reference to the same 
extent as if each individual publication was specifically and 
individually indicated to be incorporated by reference. 
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